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Using data from the National Comorbidity Survey—
Replication, this study examined the timing of onset of self-
report comorbid chronic nonarthritis pain and substance use
disorders (SUDs) and characteristics associated with differ-
ent onset patterns. Most individuals (58.2%; N = 351/632)
report that the SUD preceded the onset of pain. Relative to
those with SUDs prior to the onset of chronic pain, those
experiencing pain first were less likely to have a drug use
disorder, more likely to have head pain, to be younger at the
onset of the first condition, and to have a shorter duration
between condition onsets. (Am J Addict 2010;19:409–415)
INTRODUCTION
Chronic pain and substance use disorders (SUDs) are
often long-standing conditions associated with significant
loss of productivity and quality of life.1–4 Also, these condi-
tions frequently co-occur. For example, population surveys
in the United States (U.S.) have generally found an elevated
rate of SUDs in those with chronic pain compared to those
without.5–7 The rates of co-occurrence in clinical samples
of patients seeking treatment for either a SUD or pain are
usually much higher than those found in the general popu-
lation.8–12 Specifically, data from clinical samples indicate
that up to 52% of patients in SUD treatment report chronic
pain and up to 19% of patients seeking treatment for pain
report a current SUD.10,11
Several possible reasons exist for the frequent co-
occurrence of pain and SUDs, and a number of hypotheses
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for this high rate of co-occurrence have been proposed.
Perhaps the best know explanation is that drugs or alco-
hol are used to “self-medicate” or manage the physiologi-
cal aspects of pain.11,13 Others (eg, Gatchel, 1991 in Dersh
et al.14) have proposed that the association between chronic
pain and multiple forms of psychopathology may be ex-
plained by a diathesis-stress model in which preexisting
characteristics (in this case, an underlying predisposition
for SUDs) become activated by the stress created by a
chronic pain condition. A third potential explanation for
the association between chronic pain and SUDs is that the
risky lifestyle associated with prolonged substance use in-
creases the likelihood of injury, which, over time, leads to
the development of chronic pain conditions.15,16 In all of
these proposed models, one of the disorders causes or trig-
gers the development of the other disorder, thus implying
an obvious temporal patterning to the development of the
two disorders.
One way to evaluate the plausibility of these hypotheses
is to examine the temporal ordering of the onset of both
disorders. In the case of the self-medication hypothesis and
the diathesis-stress model in which pain increases the odds
of SUDs, one would expect that the pain condition would
predate the onset of the SUD. Alternatively, if chronic pain
were caused by injury during a period of problematic sub-
stance use, then one would expect that the pattern of onset
would reflect this as well. A small number of studies in clin-
ical samples have examined the temporal ordering of pain
and SUDs. These indicate the vast majority of patients
with co-occurring pain and SUDs (from 77% to 94%) re-
port that the date of onset for the SUD preceded the onset
of the chronic pain condition.10,17 However, Brown et al.17
found that, although in their sample of primary care pa-
tients the overall rates of lifetime and current SUDs were
no greater in those with chronic back pain compared to
those without, chronic pain patients were at an increased
risk for the onset of a new SUD during the first 5 years
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following the onset of chronic pain compared with other
5-year periods in their lives.
Better data are needed to examine the pattern of onset
of pain and SUDs in nonclinical samples. Previous studies
describing the temporal order of the onset of these two con-
ditions have been based entirely on patients treated for back
pain.10,17 Moreover, the number of patients with both con-
ditions in these studies was small and the extent to which
these findings generalize to untreated samples is unknown.
More broadly, the characteristics of those with differing
patterns of onset have not been well studied. It is possi-
ble that individual characteristics will distinguish between
patients with differing patterns of onset.
Thus, the present study was undertaken to examine the
co-occurrence of nonarthritis pain and SUDs in a nation-
ally representative sample of U.S. households. First, we
examined the extent of lifetime association between back
pain, head pain, or other nonarthritis pain and SUDs
and the prevalence of the co-occurrence of SUDs and
pain. Then, within the subset of individuals with both
pain and SUDs, we described the patterns of onset of
these two conditions (ie, the onset of the SUD preceded
the pain condition, the onset of the SUD and pain con-
dition occurred during the same year, and the onset of
the pain condition preceded the SUD). Finally, in those
with pain and SUDs, we examined which demographic
factors, psychiatric disorders and pain conditions are dif-
ferentially associated with one pattern of onset or an-
other. These analyses are undertaken in order to describe




The present study was based on the publicly ac-
cessible data from the National Comorbidity Sur-
vey Replication (NCS-R). These data are available at
http://www.icpsr.umich.edu/CPES/. Using a multistage
clustered area probability sample of the English-speaking
U.S. household population, the NCS-R was carried out
between February 2001 and April 2003.18 As described in
detail by Kessler et al.,19 this study had two parts. Part I
assessed for lifetime and 12-month DSM-IV mental dis-
orders (n = 9,282). The second part, which included the
measures of pain, was administered to 5,692 of the origi-
nal respondents. The present analyses were conducted on
those who participated in Part II. The public access version
of the NCS-R dataset provides sampling weights that ad-
just for differential probabilities of selection, over-sampling
of Part I respondents with a mental disorder and unit non-
response, while also post-stratifying the sample to the 2000
Census on sociodemographic and geographic variables, al-
lowing the Part II sample to remain representative of the
English-speaking U.S. household population.18 The NCS-
R did not have an upper age limit. In the present analyses,
11 cases with comorbid pain and SUDs were excluded be-
cause the temporal ordering of the conditions could not be
established.
Measures
The World Health Organization Composite International
Diagnostic Interview (CIDI) version 3.020 was used to ob-
tain DSM-IV diagnoses and the date of onset for each
disorder.
Substance Use Disorders
Based on responses to the CIDI, the initial interview
yielded lifetime diagnoses of alcohol abuse, alcohol depen-
dence, drug abuse, and drug dependence. For the present
study, these were combined into a single dichotomous (cate-
gorical) measure indicating the presence or absence of “any
lifetime SUD.”
Pain
The present study focused on nonarthritic pain.
Nonarthritic pain was measured using three self-report
items that assessed for lifetime experiences of “chronic back
or neck problems,” “frequent or severe headaches,” and
“any other chronic pain condition.” “Any other chronic
pain condition” referred specifically to pain not attributable
to arthritis, back or neck pain, or headaches. Each item
was dichotomously scored (yes/no). For the current study,
a lifetime nonarthritic pain measure was created by com-
bining these items into a single dichotomous (categorical)
indicator. Specifically, subjects who endorsed any of the
three pain items were classified as having a lifetime history
of nonarthritic pain.
Pattern of Onset
The pattern of onset, or temporal ordering, of pain and
SUDs was determined by comparing the year of onset for
pain and SUDs. Three patterns of onset were possible: (1)
pain preceding SUD, (2) SUD preceding pain, and (3) pain
and SUD with same-year onset. Also, for all individuals
with both a pain and SUD diagnosis, we coded several
variables related to onset of conditions including: age of
onset of the SUD (or the first SUD for those with multiple
SUDs), age of onset of the pain condition age (or the first
pain condition for those with more than one pain condi-
tion), age of onset of first condition, age of comorbid SUD
and pain onset, and length of time in years between the
onset of the SUD and pain conditions.
Other Psychiatric Conditions
Lifetime diagnoses of mood disorders and anxiety dis-
orders from the CIDI were also examined using the DSM-
IV criteria. Respondents were coded as having a life-
time anxiety disorder if they met criteria for generalized
anxiety disorder, adult separation anxiety disorder, social
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phobia, specific phobia, panic disorder, agoraphobia, or
posttraumatic stress disorder; all those who met criteria for
bipolar disorder, major depressive disorder, or dysthymia
were coded as having a mood disorder. Each of these indica-
tors (lifetime mood disorder and lifetime anxiety disorder)
was coded dichotomously, indicating the presence or ab-
sence of the disorder.
Demographic Variables
This study examined age, gender, race, educational at-
tainment, marital status, and poverty level income.
Analyses
The present study begins by describing the lifetime as-
sociation between SUDs and pain. The remaining analyses
focus on the subset of individuals who report both SUDs
and pain in their lifetime. First, we describe the frequency
of differing patterns of onset of the two conditions (ie, pain
preceding SUD, same-year onset, SUD preceding pain).
Next, in bivariate analyses, we examine how patient demo-
graphic and diagnostic factors relate to pattern of onset.
Finally, in a multiple logistic regression analysis, we exam-
ine the patient characteristics associated with the likelihood
of pain preceding SUDs versus SUDs preceding pain. Odds
ratios from this model are presented as measures of asso-
ciation. This model includes all demographic (except age),
psychiatric and specific pain conditions, which were signif-
icant in the bivariate analyses. The multinomial multiple
logistic regression model only included age of first onset
and years between onset of the two conditions. Also, it is
important to note that this study was undertaken to aid
in hypothesis generation and no correction was made for
conducting multiple comparisons.
In the present study, all analyses were carried out using
the NCS-R sampling weights and sample design variables in
SAS 9.2 procedures that use a Taylor series linearization to
estimate standard errors corrected for the complex sample
design.
RESULTS
Lifetime pain and SUDs co-occur at rates that are
greater than chance (OR = 1.5; 95% CI: 1.3, 1.8). In those
with SUDs, 52.8% (95% CI: 49.2, 56.4) reported pain;
17.6% (95% CI: 15.9, 19.3) of those with pain reported
a lifetime SUD. In the general population, the rates of any
lifetime chronic pain and any lifetime SUD were 43.9%
(95% CI 41.9, 45.9) and 14.6% (95% CI: 13.5, 15.8), respec-
tively. Additionally, in those with both pain and SUDs,
6.4% reported same-year onset of SUD and pain, 35.4%
reported that their pain preceded their SUD, and 58.2%
reported that their SUD preceded their pain.
The remaining analyses focus on those individuals with
pain and SUDs and examine differences between those with
same-year onset of pain and SUDs, pain preceding SUDs,
and SUDs preceding pain (see Table 1). In bivariate anal-
yses, gender was differentially associated with membership
in these three groups; specifically, a higher proportion of
those with pain preceding SUDs were women relative to
those with SUDs preceding pain. Compared to those with
pain preceding SUD, those with same-year onset and those
with SUDs preceding pain were more likely to have a drug
use disorder. Those with pain preceding SUDs and those
with same-year onset were more likely to have head pain
than those with SUD preceding pain. No differences were
found between groups with differing patterns of onset of
pain and SUDs on measures of race, education, rates of
anxiety disorders, mood disorders, alcohol use disorders,
back pain or “other” pain conditions.
In terms of age, those with same-year onset and those
with pain preceding SUDs were, on average, younger than
those with SUDs then pain. Those with simultaneous onset
reported a younger age of SUD onset than those whose pain
preceded SUDs; those with pain then SUDs were older
at age of onset of the SUD than those with SUDs then
pain. The age of chronic pain onset was youngest for the
pain then SUD group followed by those with simultaneous
onset and SUD then pain. In terms of age of onset of
either condition, those with pain then SUD had the earliest
age of onset, followed by those with simultaneous onset
and SUDs then pain. All three groups differed from one
another in terms of age of comorbid onset with the youngest
group being those with simultaneous onset, the next oldest
group being pain preceding SUDs and the oldest group
being the SUD preceding pain group. Finally, the length
of time between onsets of conditions was greater for those
who first experienced a SUD compared to those who first
experienced pain.
A logistic regression analysis was used to examine the rel-
ative impact of patient demographic and diagnostic factors
on the likelihood of onset of pain then SUD relative to SUD
then pain. This analysis included all variables that were
significantly associated with different patterns of onset in
the bivariate analyses with the exception of the age-related
variables. For the logistic regression analysis we used two
age-related variables: (1) age of onset of the first condition
and (2) length of time in years between onset of conditions.
This decision was made because the endpoint of interest
(co-diagnosis) is an event, which has already occurred in all
participants by the time of the survey. Additionally, the two
variables that were included allowed for a determination of
whether younger age of onset of either condition was of im-
portance and whether the length of time between onsets of
conditions differed meaningfully between groups. Finally,
the multivariable analyses excluded those with simultane-
ous age of onset. This was done because the time between
onsets of conditions would be zero for all participants in
this group and, thus, would not meaningfully add to our
analyses.
The results of the final logistic regression analysis are
presented in Table 2. Relative to those with SUDs followed
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TABLE 2. Multinomial multiple logistic regression predicting pain
prior to substance use disorder onset versus substance use disorder
prior to pain onset
Pain then Substance Use








Age of first onset .87
∗ ∗ ∗
(.83–.91)




The reference group for this model is Substance Use then Pain.
This model excludes the Simultaneous Onset cases from the analysis.
∗p < .05; ∗∗p < .01; ∗∗∗p < .001.
by pain, those with pain preceding SUDs were less likely to
have a drug use disorder and more likely to have head pain.
Additionally, those with pain then a SUD had a younger age
of onset of the first condition and a shorter time between
onset of conditions than those with a SUD then pain.
DISCUSSION
In a national representative sample of U.S. adults, the
presence of lifetime pain is significantly associated with a
lifetime diagnosis of a SUD. In those with both lifetime
pain and lifetime SUDs, the majority reported that the
SUD started prior to the pain. Additionally, relative to
individuals who reported onset of the SUD prior to the
onset of pain, those for whom the pain disorder preceded
the SUD had a younger age of onset of the first condition,
shorter time between onset of conditions, were less likely
to have a drug use disorder, and more likely to have head
pain.
These findings highlight the high degree of heterogeneity
in the pattern of onset of pain and SUDs. In the majority
of cases, SUDs preceded pain, although it is important to
note that in a substantial proportion of individuals, pain did
precede the development of a SUD. Thus, as proposed in
the self-medication hypothesis,11,13 some individuals could
have developed a SUD as a consequence of their attempts
to manage their pain. It is unlikely that a single explanation
for the reasons for comorbidity will apply to all individuals,
and it would be more fruitful for the field to focus on
identifying those who may be at particularly high risk for
different patterns of onset.
The present findings indicate that certain characteristics
can distinguish between those who report different patterns
of onset. Those with SUDs prior to pain report, on aver-
age, an older age of onset of either condition, a longer in-
terval between onset of conditions, and a lower likelihood
of head pain. It is possible that injuries following SUDs
are more likely to involve back pain or “other” pain than
headaches and that these forms of pain take time to de-
velop. On the other hand, SUDs may develop more rapidly
and at a younger age after the onset of chronic head pain.
Interestingly, the pattern of onset of the two conditions
does not seem to be associated with co-occurring mood or
anxiety disorders. One might expect if a general diathesis-
stress model accounted for the onset of a SUD following
pain (eg, Gatchel, 1991 in Dersh et al.14), that these indi-
viduals would also be at an elevated risk for other common
conditions that often follow stress. In these data, this does
not appear to be the case.
We note, however, that lack of a consistent temporal
pattern of SUD and chronic pain development is also con-
sistent with an alternative hypothesis suggesting that these
two disorders share underlying risk factors (eg, a tendency
to overrespond to opportunities for immediate positive and
negative reinforcement), but which do not drive the devel-
opment of the other disorder. Were this true, the pattern of
onset of these disorders would reflect the patterns of devel-
opment of the individual disorders. Initiation of substance
use most typically occurs in adolescence, with greater than
50% of the U.S. population reporting being drunk from
alcohol by 12th grade and having experimented with il-
licit drugs by college age.21 Moreover, earlier initiation of
use has been associated with greater likelihood of devel-
oping a dependence disorder.22 Musculoskeletal disorders
may develop at any time, but increase in prevalence oc-
curs in older populations.23 Thus all individuals, irrespec-
tive of substance use, are at increased risk for pain over
time. Migraines are most frequently first experienced dur-
ing childhood or adolescence, with over 80% of those with
migraines experiencing their first migraine before age 30.24
Given these patterns of onset, one would expect that the
majority of patients with musculoskeletal pain would have
developed a SUD before their chronic musculoskeletal pain
started (eg, a typical patient would initiate substance use in
adolescence and develop back pain at age 50). In contrast,
one would expect that patients with migraine and a SUD
would have a more mixed order of onset, as both disorders
commonly begin around adolescence. These expectations
are consistent with the observed associations between age
of first onset of comorbid condition, time between condi-
tions and head pain versus other pain in our sample.
The present study has several limitations that should be
noted. All analyses were cross-sectional and the determina-
tion of ordering of SUDs and pain was based on retrospec-
tive report. These estimates are likely to be influenced by
patient expectancies and recall bias. Also, the present data
only allowed for the determination of the year of onset
of each condition. Improved precision of timing of onset
measures of both conditions would decrease the size of the
“same-year onset” group and decrease the error in measure-
ment of the two primary groups of interest: pain preceding
SUDs and SUDs preceding pain.
Additionally, the measures of pain were based on a se-
ries of single items. The validity of these items and their
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relationship to established pain conditions is unknown.
These are clearly crude measures of pain and they do not
capture the full spectrum of possible pain conditions. Also,
the publicly available data in the NCS-R do not allow for
more finely grained analyses of the type of drug use dis-
order for either drug abuse or drug dependence diagnoses.
The use of the aggregate measures of many of the vari-
ables of interest (eg, drug use disorders) may combine het-
erogeneous elements and fail to detect other factors that
could meaningfully differentiate between those with dif-
fering patterns of onset of pain and SUDs. Furthermore,
even if these data were available, it is unlikely that this
study would have been able to examine difference based
on different substances given the low base rate of these
disorders in the general population.25 In addition, due to
the structure of the questions used to render a diagnosis
of alcohol dependence or drug dependence in the NCS-R,
this dataset slightly underestimates the true prevalence of
these disorders.26,27 The NCS-R is designed to be repre-
sentative of the English-speaking U.S. household popula-
tion but the findings may not apply to individuals who are
hospitalized. It is also important to note that the primary
analyses were limited to those who had time to develop
both pain and SUDs. Some individuals who had one con-
dition may have gone on to ultimately develop the other but
had not done so, or had died, prior to completion of the
survey.
Despite these limitations, this is the first study of which
we are aware to examine the pattern of co-occurrence of
SUDs and pain in the general U.S. population. These find-
ings indicate that pain and SUDs co-occur at rates that
are higher than chance and different patterns of onset are
common. Given these findings, and those that have been
reported previously based on results from clinical samples,
it is unlikely that a single explanation, such as the “self-
medication hypothesis,” will fully account for the relation-
ship between SUDs and chronic pain in all individuals.
Instead, it is important to examine how different character-
istics may influence the likelihood of onset of one condition
following the other. Future longitudinal research is needed
to accomplish this goal.
Future research should also be careful to distinguish
mechanisms that explain the development of this co-
morbidity from mechanisms in which the two disorders in-
teract to modify the severity or course of the disorders. For
example, even if a person developed a SUD stemming from
a period of experimentation in adolescence and then devel-
oped chronic pain after a back injury at age 40, stress from
the pain could exacerbate the SUD or the pain itself could
become a cue, which triggers substance use. Thus, the stress-
diathesis and self-medication models may be relevant to un-
derstanding maintenance of the disorders over time even if
they do not explain how the disorders developed in the
first place. Although understanding developmental mech-
anisms is important for developing prevention programs,
understanding ongoing interactions between chronic pain
and substance use is apt to be more relevant for develop-
ment of treatment interventions.
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